Objective: Acute subdural hematoma (ASDH) patients are treated conservatively or surgically according to the guidelines for surgical treatment. Many patients with thin ASDH and mild neurologic deficit are managed conservatively, but sometimes aggravation of thin ASDH to chronic subdural hematoma (CSDH) results in exacerbated clinical symtoms and consequently requires surgery. The aim of this study is to evaluate risk factors that indicate progression of initially non-operated ASDH to CSDH. Methods: We divided 177 patients, presenting with ASDH (managed conservatively initially) between January 2008 to December 2013, into two groups; 'CSDH progression group' (n=16) and 'non-CSDH progression group' (n=161). Patient's data including age, sex, past medical history, medication were collected and brain computed tomography was used for radiologic analysis. Results: Our data demonstrated that no significant intergroup difference with respect to age, sex ratio, co-morbid conditions, medication history, ischemic heart disease, liver disease and end-stage renal disease was found. However, Hounsfield unit (hematoma density) and mixed density was higher in the 'ASDH progression group' (67.50±7.63) than in the 'non-CSDH progression group' (61.53±10.69) (p=0.031). Midline shifting and hematoma depth in the 'CSDH progression group' were significantly greater than the 'non-CSDH progression group ' (p=0.067, p=0.005). Conclusion: Based on the results of this study, the risk factors that are related to progression of initially non-operated ASDH to CSDH are higher Hounsfield unit and hematoma depth. Therefore, we suggest that ASDH patients, who have bigger hematoma depth and higher Hounsfield unit, should be monitored and managed carefully during the follow-up period.
Introduction
Acute subdural hematoma (ASDH) is a neurosurgical disease that is most strongly associated with traumatic brain injury and has estimated mortality rate between 40% to 60%. 4) It occurs in up to 29% of patients who have traumatic brain injury. 7) Based on available guidelines for surgical management, ASDH patients with altered mental status, hematoma depth greater than 10 mm, and midline shifting greater than 5 mm usually need emergency surgical evacuation. 1) On the other hand, many patients with thin ASDH and mild neurologic deficit are managed conservatively. 5) However, the natural course of ASDH is different among patients so although most resolve spontaneously, a few do not disappear and progress to chronic subdural hematoma (CSDH) requiring surgical treatment. Progression of ASDH to CSDH is a common cause of clinical deterioration in patients with initially non-operated ASDH. Therefore, it is im-
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portant to evaluate the risk factors related to hematoma progression to CSDH in ASDH patients, who were managed conservatively at the time of admission. The aim of this study is to assess risk factors that might help physicians to predict hematoma progression to CSDH in initially non-operated ASDH patients.
Materials and Methods

Patient population
We retrospectively collected 313 patients with ASDH in Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine from January 2008 to December 2013. Of these 313 patients, 122 patients who had urgent craniotomy and hematoma evacuation within 72 hours of admission were excluded. In addition, 14 patients were also excluded due to the following reasons; 1) spontaneous ASDH, 2) expired due to co-morbid conditions or complications, 3) vascular abnormalities, 4) bilateral ASDH, 5) younger than 15 years of age, 6) surgical intervention between 72 hours and 21 days after ASDH event, and 7) discharged or transferred before recovery.
In conclusion, 177 patients met the inclusion criteria for this study. After admission, patients were treated with medications including: osmotic agent such as mannitol, anticonvulsant and hypertensive drugs, if required. Treatment with vitamin K and fresh-frozen plasma and platelet concentrates was given to patients with abnormal coagulation profiles (platelet ＜50,000 mm 3 and international normalized ratio ＞1.4). If patients were on antiplatelet, anticoagulation therapy, or both, these treatments were discontinued for at least 7 days from the date of diagnosis. These patients were later referred to doctors who diagnosed their comorbid diseases related to coagulation profile abnormality, such as ischemic heart disease and cerebral ischemia. Repeated follow-up brain computed tomography (CT) scans were performed routinely in all patients at approximately; 24 hours, 1 week, 2 weeks, 1 month, 2 months, and 3 months after admission. Emergency CT scans were taken in patients, who presented with unexpected neurological signs or symptoms.
Patients with stable neurological status without significant increase in hematoma volume maintained the original conservative treatment regime. On the other hand, patients with pathological radiographic features, including hematoma enlargement leading to mass effect, midline shifting or herniation, or those who showed aggravating neurological symptoms that were unresponsive to medical treatment underwent surgery. Emergency burr hole drainage was performed at the possible earliest time and subdural drainage, with standard silicone drains that were connected to soft collection bags, was placed at dependent position for a minimum of 24 hours.
The following patient data were collected and analyzed: sex, age, co-morbid conditions including hypertension, diabetes mellitus, renal disease, ischemic heart disease, liver disease, stroke, cancer, epilepsy, or alcohol abuse, medication history of aspirin, antiplatelet drug, or anticoagulation therapy (e.g., warfarin).
CT scans
Diagnosis of intracranial injuries including cerebral contusion, subarachnoid hemorrhage (SAH), skull fracture, pneumocephalus, epidural hemorrhage, intraparenchymal hemorrhage (IPH), or intraventricular hemorrhage were gathered from CT scans.
Cerebral contusion was defined as petechial-appearing and ill-defined areas of mixed attenuation on CT scans, and IPH was defined as well-circumscribed, solid-looking, isolated, hematoma. SAHs included both cisternal and sulcal types. Brain atrophy was evaluated with frontal horn index (FHI) and sylvian fissure ration (SFR) (Figure 1 ). 14) We obtained brain CT scans at initial admission, 2 to 24 hours after admission, within 7 days after admission and at times when symptoms worsened. CT sections (5 mm slices) were obtained in an axial plane parallel to the orbitomeatal line.
The following findings were evaluated from the initial brain CT; location of hematoma (e.g., right or left), maxi- mum thickness of hematoma, and midline shifting. Midline shifting was defined as distance between the most displaced midline structure and the midline of the skull. Initial hematoma density was measured in Hounsfield unit on brain CT scan.
Statistical analysis
At first, we divided two groups ('CSDH progression group' and 'non-CSDH progression group') according to receiving operation or not. Then, we analyzed variables to find out the risk factors associated with the progression of ASDH to CSDH. Statistical analysis was performed using PASW statistics 18.0 (IBM, Armonk, NY, USA). Data were presented in mean±standard deviation, and statistical significance was defined as p＜0.05 for all comparisons. Statistical significance was analyzed with chi-square test or Fisher's exact for categorical variables and t-test or Mann-Whitney test for continuous variables.
Results
Patient data are listed in Table 1 . The study population included 114 men (64.40%) and 63 women (35.60%) and the mean age of the patients was 60.84 years. 'Non-CSDH progression group' included 161 patients, who received initial conservative treatment and did not develop significant CSDH, not requiring surgical evacuation during follow up. 'CSDH progression group' included 16 patients, who were also treated conservatively at first, but progressed to CSDH needing surgical evacuation. Mean age of patients in the 'CSDH progression group' was 70.13 years, and that of patients in the 'non-CSDH progression group' was 59.92 years. No significant intergroup difference was found in age and sex ratio. In terms of co-morbid conditions, such as ischemic heart disease, liver disease and end-stage renal disease, and medication history, no significant intergroup differences were found.
According to the admission lab data, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were a little high in the 'CSDH progression group' but were not statistically significant. On the other hand, white blood cell (WBC) was a little higher in the 'non-CSDH group' but this was also not statistically significant.
From CT evaluation, it was evident that many patients also had additional intracranial injuries along with subdural hematoma (SDH) ( Table 2 ). The location of hematoma (right or left) was not significantly different between the two groups. Hounsfield unit (hematoma density) and mixed density were much higher in the 'CSDH progression group' (67.50±7.63) than the 'non-CSDH progression group' (61.53±10.69) (p=0.031) ( Table 2 ). Midline shifting, and hematoma thickness in the 'CSDH progression group' were significantly greater than in the 'non-CSDH progression group' (p=0.067, p= 0.005). Hematoma thickness showed significant correlation with CSDH progression, but no significant correlation was seen in midline shifting (Table 3) .
When evaluating brain atrophy, SFR and FHI were used and they were higher in CSDH progression group than the other, but were not statistically significant.
Discussion
ASDH has high reported mortality rate between 40% to 60%. 4) Based on patient's clinical and radiologic signs, emergency surgical decompression may be mandatory. Consequent occurrence of intracranial hypertension due to ASDH can be reduced by surgical intervention.
13)
Generally, hematoma with thickness greater than 10 mm, or a midline shifting greater than 5 mm are suggested as critical indicators for surgical removal of ASDH regardless of the Glasgow Coma Scale scores. 1) However, when these criteria are not met, ASDH does not require surgical treatment as it can resolve spontaneously. Conservative management is possible, if the patient shows mild neurologic deficit or brain CT does not show any mass effect. 3, 12) However, of these cases, some of them aggravate to form ASDH in the chronic healing stage or progress to CSDH, requiring surgical intervention. 16 ) Therefore, it is important to evaluate risk factors that indicate progression of ASDH into forming ASDH or CSDH. According to Yamashima and Yamamoto's study, 16, 17) on average, ASDH in the chronic healing stage was diagnosed 21 days after the initial event while CSDH was diagnosed 71 days after. The two are two different disease entities as they present different histological and clinical signs. However, histological features of ASDH in the chronic healing stage are similar to that of early CSDH, so we assumed that ASDH in the chronic healing stage and CSDH are on the same line. Therefore, cases where surgical intervention was done 3 weeks after initial ASDH event were included and those done within 3 weeks were excluded. Until today, only few studies have specifically addressed the issue of the rate of CSDH progression after conservative treatment of trauma-related ASDH. Generally, 3% to 26% of patients with ASDH, who were managed conservatively, developed chronic SDHs requiring evacuation. 3, 9, 10) The results of our study show that over 90.96% of ASDHs resolved spontaneously or had minimal remaining hematoma at the median of 12 weeks post mild head injury event, while 9.04% of the ASDHs increased in size and required hematoma removal. We found that two prognostic factors, including the initial volume of the ASDH and the Hounsfield unit on the initial brain CT scan, were independently associated with necessity of delayed hematoma evacuation in patients with progressive CSDH.
Mathew et al. 10) noted that all patients with an acute hematoma (thickness greater than 10 mm), who were initially managed conservatively, required subsequent burr-hole drainage. In our study, we found that higher initial hematoma volume was a risk factor associated with ASDH patients who progressed to CSDH. The mean acute hematoma thickness was 6.99±4.07 mm in the operated group compared to 3.61±2.47 mm in the non-operated group, and this difference remained statistically significant in univariate analysis. Considering the relationship between initial hema- toma size and subsequent progression, it has been suggested that a small ASDH is likely to be more stable, whereas a larger one is likely to progress over time. The reason for this is that a large hematoma increases the risk for bridging vein tears, resulting in delayed hematoma progression. Another cause for this might be due to the microbleeding from the hematoma membrane. It is possible that initially large SDHs require more time for resolution and that they may have a higher chance for developing neomembranes, which develop due to inflammatory reaction. Relatively higher hematoma density was more common in the 'CSDH-progression group' (67.50±7.63) than the 'non-CSDH progression group' (61.53±10.69) (p=0.031) ( Table 3 ). This may be due to the fact that there was more hematoma in the higher density group, resulting in longer and more extensive inflammation response causing more frequent progression to CSDH.
CSDH is known to be caused by trauma but clear history of trauma is evident in only about half of the patients. Many CSDH starts as an acute hematoma but as blood within the subdural space evokes inflammatory response, fibroblasts invade the clot and form neomembranes on the inner (cortical) and outer (dural) surface of the hematoma. This event is followed by ingrowth of neo-capillaries, enzymatic fibrinolysis, and liquefaction of blood clot. Fibrin degradation products are re-incorporated into new clots and further inhibit hemostasis. The course of CSDH is determined by the balance of plasma effusion and/or re-bleeding from the neomembranes and re-absorption of fluid.
2) Surgical evacuation of CSDH is indicated for symptomatic lesions, such as focal neurological deficit and mental status change, or for hematoma collections with maximum thickness greater than 1 cm. However, in this study inflammation markers such as WBC, ESR, and CRP did not show any statistical significance between the two groups. Increased use of anticoagulants and antiplatelet agents may have changed the incidence of intracerebral hemorrhage and subdural hematomas.
11) However, the relationship between these drugs and the development of CSDH has been studied mainly in the context of recurrent CSDHs. Rust et al. 11) reported that there is 42.5 times higher possibility of developing CSDH when taking warfarin compared to cases where no medication was taken. In another study, while investigating the predictors for recurrent CSDH, Torihashi et al. 15) found that out of 343 surgical cases of CSDH, 61 patients had recurrent CSDH. Univariate and multivariate analyses revealed that although antiplatelet and anticoagulant therapy had no significant effect on recurrence of CSDH, the time interval between the injury and the first operation for patients on antiplatelet and/or anticoagulant therapy was shorter than that of patients without it (29.9 days vs. 44.2 days). In the recent Laviv and Rappaport's study, 8) there was higher risk of CSDH progression in ASDH patients receiving conservative management who were using antiplatelet or anticoagulative agents. However, our study did not show that the use of aspirin alone or with combination with other anti-coagulant therapy was associated with late development of CSDH requiring surgical evacuation. This may be due to small number of sample size collected for this study.
Regarding other bleeding tendencies and the risk for CSDH, Ko et al. 6) found that bleeding tendencies such as in leukemia, liver disease, and chronic renal failure were significantly associated with recurrence of CSDH (p=0.037). Likewise, in Laviv and Rappaport's study, 8) clinically the risk of progression to the CSDH group was also higher in the above patient group. However, in this study, we could not find significant association with this progression and various bleeding tendencies in both groups. This is also probably due to the small number of sample size.
Conclusion
Based on the result of this study, the risk factors related to the progression of initially non-operated ASDH to CSDH were identified as; bigger hematoma depth and relatively higher Hounsfield unit. Our study suggests that ASDH patients, who have thick hematoma depth should be carefully observed and managed appropriately to prevent the progression to CSDH and the need for delayed invasive surgical treatment.
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